Background: Strengthening health research is an important objective for international health organisations, but there has been less attention to support for health research in Europe. We describe the public-health (population and organisational level) research systems in the 27 European Union countries.
Background
The systems providing knowledge for evidence-based practice deserve research attention. The World Health Report in 2012 on Research for Health will provide "new ideas, innovative thinking, and pragmatic advice for member states on how to strengthen their own health research systems" [1] . In 2011, the European Commission has consulted on future funding for research in the European Union [2] . We have made a description and comparison of the systems for public-health research in the 27 countries of the European Union in support of these two initiatives.
A health research system has been defined as "the people, institutions, and activities whose primary purpose in relation to research is to generate high-quality knowledge that can be used to promote, restore, and/or maintain the health status of populations" [3] . Following the Report of the Commission on Health Research for Development [4] , ministerial conferences were held, in Mexico in 2004 and Mali in 2008, led by the Global Forum for Health Research [5] . Governments from European countries (and also the European Union) attended both conferences, and the WHO European Region was involved in preparations for the Mali conference [6] . The WHO European Region is one of six WHO Regions, with more than a quarter (53) of all member states. In the western half of the region, the European Union (EU) includes 27 member states, with Norway, Iceland, Lichtenstein and Switzerland also closely allied through bilateral agreements, together representing more than 500 million people. While the majority of EU countries are high-income economies by World Bank measures [7] , five countries (Bulgaria, Latvia, Lithuania, Poland and Romania) are middle income. There are also economic gradients both across and within the EU. The EU Structural and Cohesion Funds, a quarter of the EU's total budget, are directed towards all 12 new member states in eastern and southern areas, and also to regions economically below the average in almost all member states.
All EU member states have national research programmes [8] and health research systems are situated between the broader systems for research and health respectively [3] . EU countries also collaborate internationally in health research as donors, both bilaterally and together in funding through the European Commission [9] . The EU gives direct support to its member states currently through the Seventh Framework Research Programme (€50 bn [2007] [2008] [2009] [2010] [2011] [2012] [2013] , and also more through the Structural Funds (€84 bn 2007-2010) [10] . There is discussion and consultation on the funding and substance for the research and innovation programme from 2014 onwards [11] .
As WHO members, the EU member states have approved the WHO Research for Health Strategy of the 63rd Regional Health Assembly [12] through their ministries of health. The European Commission's DirectorateGeneral for Health and Consumers Directorate is responsible for health issues within the EU [13] , with the main focus on public health (including protection), food safety and animal health, while under the EU Treaty [14] , the European Commission's Directorate-General for Research is responsible for research across all areas of EU policy.
Life sciences and biomedical research have been an important part of the EU research programmes, second only in funding to information technology [15] . However, the EU policy responsibilities for public health have been less well represented in the research programmes. A first study of public health research in Europe, SPHERE (2005 SPHERE ( -2007 [16], drew together different European perspectives, from research organisations, civil society organisations and European institutions, and made a survey of national ministries of health and ministries of science to record their perceptions on public health research [15, 17, 18] . SPHERE also undertook bibliometric analysis of public health research publications across 6 areas: health services research, environmental health, infections disease control, health promotion, genetic epidemiology and health management [19] [20] [21] [22] [23] [24] . Among the findings was a substantial geographical disparity in numbers of publications, from strong levels in Scandinavia and the UK to the lowest levels in the 12 EU new member states [25, 26] .
To investigate this disparity, in 2009 STEPS (Strengthening Engagement in Public Health Research) was funded by the European Commission's Science in Society programme [27] . STEPS has engaged civil society organisations in the 12 EU new member states in debate with ministries of health on support for public health research, and also to describe public-health research systems and programmes -how is Public Health research funded, which institutions undertake it, and what is supportedacross the full 27 EU countries. Following the guidelines for reporting on observational health research, identified by the Equator Network [28, 29] , we present findings from this multi-country comparative study.
Methods
The process to describe public-health research systems and programmes in individual EU countries was undertaken in two phases. While partners in STEPS were identifying contacts in the 12 EU new member states (Bulgaria, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia, Slovenia) as part of its activity to hold country workshops on public health research, we worked initially with the former 15 EU countries (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the United Kingdom). For each of these countries, we drew together information within a structured template.
Our experience in SPHERE had shown the limitations of asking ministry officials, who have many demands on their time, for information outside their normal areas of work. We therefore started from the profiles we had collected for SPHERE [30] , and supplemented this with information on the web sites for ministries and official agencies (using Google translate for greater detail). We also reviewed information on the web sites of member organisations of several European coordinating groups, including EUnetHTA (organizations producing or contributing to health technology assessment) [31] , EUROHORCS (European Heads of Research Councils) [32] , IANPHI (International Association of National Public Health Institutes) [33] , EuSANH (European Science Advisory Network for Health, a network of national public health boards) [34] , and ASPHER (Association of Schools of Public Health in the European Region) [35] . We did not include, unless a relevant part of the mission was research, organisations with functions of environmental protection, radiation protection, pharmacovigilance or veterinary services/animal health.
We developed a template for recording country information, making revisions as information became available. The EU website ERAWATCH [8] (the European Commission's information platform on European, national and regional research systems and policies) includes reports from informants in each member states for the whole field of research. While individual countries have unique organisations and names, national structures can be considered similar from the perspective of funding flows -the organisations that disburse funds and commission research, and those that receive funds and perform research. We developed a model organogram reflecting different organisations and flows, also distinguishing competitive grant funding from direct allocations and subsidies. The organogram forms the first section of each Country Profile, with subsequent sections describing the structures and contents of research [36] .
For each country profile, when we had completed a first draft, we sent it to an informant who returned the script with comments, amendments, corrections, and improvements. The manuscript was then revised iteratively. We gained our informants first from the respondents to SPHERE at the ministries of health or of science, or if they could no longer assist then from another person indicated by them, through our internet search or our personal contacts. The first contacts were established between mid May and mid June 2010. For these 15 countries, we sent 142 emails out (range 5-17), and received 65 back (range 1-11) ( Table 1 ). In 10 of the 15 countries, informant comments were received from ministries of health or governmental organizations, and for the other countries the key informants were mainly related to Universities (Table 2) .
In March and April 2010, workshops were held in each of the 12 EU new member states countries that were directly partners in STEPS, bringing together national public health associations, other civil society organizations, universities/researchers and ministries of health [37] . The workshops each included a description of the national research structures, although using different approaches. As for the first 15 countries, we made initial assessments of the research structures from internet sources, supplemented this with observations from country visits, and with each partner after the workshop we drew the information together in the period up to September 2010.
The template was developed with the following parts: Introduction, Organogram, Research Commissioners, Research Performers, Research Strategies, Programmes and Calls, and European Contacts. The Introduction included a brief presentation of the project, objectives of country profiles and methods to gather information and a brief definition was presented: 'Public-health research' includes all health research at population, organisation and system level broadly relevant to health and healthcare policy and practice. It excludes clinical and laboratory (biomedical) research. The word concept of 'performers' is commonly used in describing research structures [8, 38] , while 'providers' is used in describing health care.
The country profiles were each further reviewed by the authors, and revised to ensure completeness and standardization of approach. They were placed on-line on the project website http://www.steps-ph.eu/countryhealth-research-profiles/ at the end of October 2010, and further review and additional comments led to updated information available in September 2011.
Findings

Organograms
For the sake of a balance between comprehensiveness and complexity, we chose to represent on organograms the organizations commissioning or performing public Figure 1 ) was developed and a specific one was built for each country (and example in Figure 2 ). On each national organogram, boxes are given the different names of the national organizations and are linked by arrows: a full line for funding negotiated between government and agency/organization, including direct commissioning, and dotted line for funding through competitive processes where rules are more or less explicit and known in advance.
Research Commissioners
The organisations at commissioning level which hold the budgets that fund public health research are ministries, national agencies and devolved (e.g. regional) organisations. The organizations identified in each country were described in relation to their mission, their web address, which organizations they fund, and if possible the budget allocated to research. The sources of funding and control included ministries of health, ministries of science, other ministries, directly from the central government or parliament, or from other sources. This section also identifies where devolved or regional funding agencies are involved in Public Health Research support. These are described as 'Regions', but in some countries they have substantial legislative and financial autonomy. Private not-for-profit organizations, at national level, for which the main source of financing was not public funds, are called 'Foundations' on the country profiles (and are called -charities in some countries).
The broad structures for science in EU countries have been described by the European Commission [8] . Most countries have a ministry with responsibility for science. In several countries the task is joined with education, including the tertiary (higher education) sector (Bulgaria, Ministry of Education, Youth and Science; Estonia, Ministry of Education and Research; Finland, Ministry of Education and Culture; France, Ministry of High Education and Research relevant to public health is also funded through different avenues of government, as well as in other policy areas and independent funds. In some countries, the parliament has set up research organisations directly. For example, the Hungarian Scientific Research Fund is directly accountable to parliament, while Sitra, the Finnish Innovation Fund, and the Vardal Foundation in Sweden are independent public funds under the supervision of the parliament. Devolved funding is found in Austria through the nine constituent federal states, in Belgium through two communities, in Germany through 16 states, in Spain through 17 autonomous regions, and in UK through administrations of Wales, Scotland and Northern Ireland. Ministries responsible for other policy areas such as food, environment, information technology and transport may also recognise health protection as an outcome of their policies, or scientists within their policy areas may link to medical and health issues.
Independent funding varies more by country. In some European countries, such as UK, fund-raising from the public for specific diseases has been directed towards research. Another model is also developing (such as in Spain), of not-for-profit foundations set up by industry: these are a tax-break for industry and are then able to undertake clinical research that is necessary for drug approval which should be independent of the manufacturer. Typically, these independent sources of finance have not been directed towards public health goals, although there are smaller independent foundations with areas of concern, such as for AIDS, or health systems research, or environmental concerns, where public health is significant partner. Another characteristic of this group of commissioners and performers of research is that they frequently are multi-site research organizations, with a considerable number of research groups and organizations involved in different financial and organisational arrangements. These research chains have a continuing link between the senior academicians who set the research agenda and the ministries who fund them. In the west European countries, there is some role for the ministry of health, although the main lines of the research are set by the research chain itself in discussion with the ministry of science. In the eastern academies, the autonomy is greater, although there have been mergers and restructuring in some countries as limited funds become competitive and moved towards universities.
Mixed Organizations
Research Performers
The organizations were grouped into four groups: State Institutes, Universities, Health Services and Independent Organizations (Figure 1) . Information sought about each organization included its mission, web address, source of funding, relation towards specific ministries and areas of research. Often such information was too scattered and too poorly organised to be included in the text. However university and health services are always represented in the organograms in recognition of the importance of the research taken at these levels.
The State Institutes group includes organizations publicly funded, generally by a ministry, with different degrees of independence towards the government/ministry. The national structures with surveillance activity and the Schools of Public Health financed by the ministry of health were also included. The group of Independent organizations included fully private, private with some degrees of public funding, non-governmental organisations, and civil society organisations (usually not-for-profit).
The Some countries in Europe maintain a National School of Public Health (Greece, funded by the Ministry of health; France, funded by ministries of health and science; Portugal, part of the university and funded by ministry of science). In most other countries, however, public health teaching and research has extended regionally within universities which have frequently gained equivalence with the original national school. At present, there is no full listing of university public health research departments.
Academies
Significant historic structures in most countries of Central Europe have been the national Academies of Science. These were established mainly in the nineteenth century to protect and promote scientists (academicians) and have developed specific institutes across various science fields.
The Academies retained important organisational links and power in the second half of the last century in the former communist countries, but have found less favour in the past two decades. They do not include public health sciences (usually an institute under the ministry of health) but usually do include institutes in allied fields (medicine, sociology). The Academies in some countries also retain important control of science commissioning, including the EU Framework programmes, and elsewhere the name 'Academy' remains for structures only for research commissioning or strategic advice (Table 3) .
Research Strategies
We sought to identify health-research strategies or other statements of research priorities, to describe public health research in these strategies, and to analyse relationship with programmes and calls and other aspects of funding. We identified national research strategies in all countries, of which 17 explicitly referred to health and 11 to public health research themes (Table 4 and 5). Some research (and innovation) strategies are not formulated thematically but according to capacity building. In some countries, strategy is led by the governmental research agency rather than direct national research strategy. In Belgium research is not led at national level but by the communities. We found six research strategies directly for health and four referring to, or specifically for, public health. Some national health strategies, and public-health strategies, described aspects of research. For example, Finland has a public health programme "Health 2015" [40] that includes sections on public health research, including health promotion, health policy research and social epidemiology, and the UK has both a health research strategy and also a named public health research programme [41, 42] .
Programmes and calls
This section of the Country Profiles provided a place to describe identifiable national public health research, how it was supported and how much funding was available for each programme or call. It proved impossible to achieve this systematically because of the diversity of funding streams and organisations, as indicated above, and the lack of separation of public health from other related research -biomedical, clinical or wider determinants of health. In France, a specific organisation, Groupement d'Intérêt Scientifique -Institut de Recherche en Santé Publique (GIS-IReSP) has been established to monitor public health research activities, and to oversee funding (€2 m p.a.) from a range of institutions [43] . The UK research programmes directly related to public health (excluding health technology assessment) have defined budgets [41] , which together amount to around €30 m annually, 4% of the total budget of the National Institute for Health Research. 
Y means that a strategy or mention of it could be identified; * Statements; ** Included on the national strategy Some research performers are funded directly, through regular negotiation with their commissioners -generally ministries. This generally applies to institutes of public health and in specialised fields such as environmental health. However, research is increasingly funded in response to competitive calls. Programmes and calls may be i) thematic, focused on a defined subject area; ii) general, such as to reinforce research capacity (scholarships, seminars, training, grants for visiting researchers); iii) open to any subject, with funding dependent on the quality of the proposal.
European contacts
There is no organisation that presents all health research for Europe. The European Science Foundation, in Strasbourg, through its European Medical Research Councils, brings together both research commissioning and research performing organisations and assists thematic collaboration between 30 countries. However, its focus is on biomedicine [38] and it does not engage with ministries of health. Ministry of health international offices do not usually take a direct interest in health research, except when it impinges on national policy.
The European Commission has two structures that were included in the Country Profiles. The Directorate for Health has National Contact Points [44] , usually but not necessarily in the ministry of health; and the Directorate for Research has National Focal Points [45] , usually but not necessarily in the main research commissioning organisation, and (depending on the country size) subdivided into themes including health. Nevertheless, the prime concern of these contacts is to distribute information about European Commission activities relevant to member states, particularly funding programmes -that is, they distribute information downwards. Information passes upwards from countries to the European Commission formally through Advisory committees, but the work of these groups is rarely in the public domain.
Discussion
Our study, related to the objectives of the World Health Organisation strategy Research for Health, has demonstrated the structures and variations in support for public health research in the 27 EU member states, based on the financial relationship between the organisations. More work is needed to determine actual financial flows and thematic programmes in member states. The European Union could contribute coordination of countries to achieve shared objectives in support of national public health policies and practice.
Terminology
A critical component of studying public health research is the interpretation of words. Pang et al [3] propose that 'health research' involves many different types of research including biomedical, clinical, epidemiological, health systems and policies research, socioeconomic and behavioural research contributions, as well as on-going programme evaluations, surveillance and operational research activities embedded within health systems. It also includes research not usually considered to be health related -for example, engineering studies to improve car or road safety or economic research leading to policy changes that affect poverty.
Our study on European countries describes 'public health' research systems as including all the areas in this list except biomedical research. Medicine extends from knowledge of the body (anatomy and physiology), its diseases (pathology), and its treatment (medicine, surgery, therapeutics, psychiatry), to understanding of normal and abnormal body function at cell and molecular levels, and at population-level developing epidemiology and sociology for population control of disease through environmental and behavioural change. Often when the term 'medical research' is used, it refers to laboratory and clinical research ('from lab to bedside'), particularly for pharmaceuticals research, without the broader public health concerns of medicine. 'Health services' and 'health care' are predominantly concerned with treatment and care of disease or injury, and the adjective 'health' is used instead of 'medical' partly to reflect the team of staff beyond medical doctors. Global health analysts have sought to distinguish the fields of operations research, implementation research, health systems research [46] . In Europe, these are considered as 'health services research' [47] , and the broad term 'public health research' can embrace these as well as environmental, behavioural and policy research [25] .
Quality
The quality of information collected depends on both methods and responses. Ministries of health generally do not have a senior officer with adequate information about health research in their country. We have found the internet, with Google translate, to be a valuable method of exploring sources across a wide range of languages. We prepared initial descriptions based on these and the reports developed earlier in the SPHERE survey of ministries of health and of science. Subsequent comments and corrections were from (unpaid) informants across universities, research organisations and ministries of health. However, the data presented may represent an underestimate of practice, since we are not comparing clearlydefined organisational structures or categories. This should improve as mapping health research systems in Europe proceeds. We could not identify the funds actually used for public health research. Chalmers has argued [48] that in the UK, three-quarters of public and charity (foundation) funds for medical research are directed to the laboratory and life sciences, and only 10% to clinical research (which is most relevant to the Cochrane Collaboration). Since then, the funding for clinical research has increased, but the allocation for public health research remains low [49] . In the USA in 2009, industry spent $75 bn (€53 bn) annually, compared with $47 bn (€33 bn) public spend and €18 bn (€13 bn) from other sources (including universities and foundations) [50] , but again the allocation to the main public health research commissioning agencies is only 1-2% of this total [48] . In Switzerland, home to several global pharmaceutical companies, commercial funds are 90% of total national spending, and federal fund less than 1% of the total [51] .
Work is needed to develop common typologies for research contracting and of the academic fields of public health research. Slovenia, for example, which manages all fields of research through a single agency [52] , has developed an electronic database of commissioned research, but cannot identify public health research within this. The French GIS-IreSP has an important listing of public health research projects, although not classified by field [53] . The UK public sector together with the charities have developed a Health Research Classification System [54] , and an analysis of non-commercial health' research by spend, using this classification, found that 70% was described as 'underpinning' and 'aetiology' (i.e. biomedical laboratory research), and less than 5% was on 'health services research' and just 2.5% on 'prevention' [55] . However, the classification has very limited detail in public health topics.
Supporting health research
Pang et al [3] propose four functions and operational components of health research systems -stewardship (including vision and priorities), financing, creating and sustaining resources, and producing and using research. Mapping the national structures for health research is a step towards better research stewardship. It increases transparency, provides recognition of actors (including fund-raising, funding sources, production, translation/ communication and advocacy), and facilitates collaborations in agenda setting. There is also growing interest in the evidence base needed for policy, which depends crucially on linking the policy interventions with funding of research on that policy (policy implementation research). Both the World Health Organisation [12] and the European Union [15] give international support to health research but it is their member states which are the major force, through their financial commitment and structures (commissioning and performing) to deliver the research.
In our previous EU-funded work SPHERE, responses from 20 of the 24 countries providing replies indicated that ministries of health, rather than ministries of science, were responsible for public health research [18] . We provided a broad definition of 'public health research', but it may be that some ministries of science gave a narrower interpretation of 'public health', based on infectious disease control and the traditional role of the institute of public health. However, while ministries of health recognised their interest in public health research, they were rarely able to identify a lead person directly responsible for public health research within the ministry. Sometimes, however, this may be more possible when dealing directly with policy areas: thus, for example, within a ministry, research may be supported by departments for fields such as patient safety, food, or sexually transmitted diseases, or for organisational issues such as primary care or cardiac services. But these were rarely brought together for a public health research strategy.
Our work for STEPS indicates movements and trends compared with data collected in SPHERE. There is a move towards engagement with of ministries of science/ research. For example, in Spain, funding for the Institute Carlos III, a major 'mixed organisation' funder and performer of health research, has been transferred from the Ministry of Health to the Ministry of Science and Innovation. Second, there has been a merger of structures and efforts to improve coordination. Thus in Finland, KTL (National Public Health Institute) and STAKES (National 
European approach
The European Union is a relatively new organisation, and political power within Europe remains primarily at the level of member states. 'European research' is often considered as research funded by the European Union rather than research undertaken within a European country. A limiting factor has been language and nationalism. While most scientific public health research publications (and abstracting) are now in English [56, 57] , public health research is mainly undertaken in national languages, which have to be translated for science reporting. Moreover, commissioning of research through national funding agencies is often limited, by law or regulation, to research performers within the funding member state: cross-border health research is still rare. European collaborative projects, funded by the European Commission's Directorate for Research in the Framework Research Programme (FP7) have funded 70 collaborative public health projects over four years 2007-2010 [58] and the Directorate for Health's Health Programme has funded 300 projects (including networks, conferences and coordination) since 2003 in fields including environmental safety, health information, health determinants and health services [59] . But there is little integration between these programmes and national programmes, and the member states do not know what each other is doing in health research, although there are proposals for collaboration in funding for specific fields (Joint Programming).
While the majority of European member states have strategies for research, strategies for health research are less common. Member states have yet to develop research on public health systems. A team at GIS-IReSP, French Institute for Public Health Research, has created a database on research teams working in the field of public health, finding 313 teams within 238 groups in 2009 [60] . Reports by the Observatory on Health Research Systems (RAND Europe) for Spain [61] , Sweden [62] and UK [63] primarily address biomedical research. COHRED supports health research at a global level for the 180 UN countries, but has not yet included EU countries as their focus is on low and middle income countries [64] .
Prospects
The European Region is the only WHO Region without a regional research policy and will wish to do more, both at member state level and collectively, to meet the challenge of the World Health Assembly's Research for Health Strategy. Coordination has been limited by problems in gaining participation and responses across all countries, especially as they require information to be provided and approved by ministries of health. Our approach using web-published sources as the basis for the reports gained information for all 27 EU countries, and we gained commentaries and corrections from national informants to achieve almost complete (96%) country coverage. The European Union has encouraged publishing governmental information on the internet, making retrieval more possible, and we recognise this may be a less feasible approach in low income countries.
To promote recording of country-level information on health research programmes by theme, we have now established a new collaboration, PHIRE (Public Health Innovation and Research in Europe), led by the European Public Health Association and co-funded by the European Commission's Directorate for Health [65] . We also contribute to an assessment of European research in a specific public health theme -food and health [66] . Nevertheless, the most important challenge is for ministries of health to recognise their prime importance for strategy and funding in public health research, and the value in coordination to achieve significant gains in knowledge development and translation. We suggest that the European Union's Committee of Ministers of Health should give greater attention to the Research for Health Strategy to which their governments have signed as members of the World Health Organisation.
